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Lewis acidAbstract In this paper, we describe a simple and convenient conversion of aryl aldehydes to sym-
metrical dibenzyl ethers through reductive etheriﬁcation. Similarly, unsymmetrical dibenzyl ether
was obtained from aryl aldehyde and TES-protected benzyl alcohol. Triethyl silane with catalytic
amount of InCl3 was found to be an efﬁcient condition for the reductive etheriﬁcation. Moreover,
it exhibits remarkable functional group compatibility with yield ranging from good to excellent.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Dibenzyl ethers are important and prevalent subunits in
organic chemistry. These subunits have been found in per-
fumes, agrochemicals and pharmaceutical leads, also they
serve as a versatile building block in organic synthesis [1]. Tra-
ditionally, dibenzyl ethers are prepared by Williamson [2] and
Wurtz’s method [3]. In this process, alkyl halide is displaced by
alkoxide to obtain the ether. Indeed, alcohol was the circuitous
synthetic precursor. Apparently, the synthesis of dibenyl etherfrom aryl aldehyde acquires more steps as proceeds via the
intermediacy of benzyl alcohol. From the synthetic point of
view, single step synthesis of such system is much preferred.
This aspect gave new avenue to access dibenzyl ether directly
from aryl aldehyde by employing reductive etheriﬁcation. Very
excitingly the ﬁrst report on reductive etheriﬁcation was sur-
faced [4] followed by catalytic protocol [5–6]. However, no fur-
ther enhanced report appeared in the next one decade. Again,
in 2002, this reductive strategy received a renewed interest
among the chemists. Accordingly, many groups explored the
synthetic utility of this protocol for synthesizing symmetrical
and unsymmetrical ethers [7–13]. Although handfuls of reports
were documented, relatively less report addresses the synthesis
of both symmetrical and unsymmetrical ethers. In this connec-
tion, recently, synthesis of symmetrical and unsymmetrical
ethers was illustrated [14].
Encouraged by the recent interest, it was planned to
develop a uniﬁed approach to prepare both symmetrical and
unsymmetrical dibenzyl ethers. Further, in the past, several
silane based reagents such as alkoxy hydrosilane, trialkylsi-
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hydrosilane/trialkylsilane were used to accomplish the reduc-
tive etheriﬁcation [15]. Thus for the present study, it was
decided to utilize triethylsilane since it is a versatile and readily
available reagent in laboratory exploited recently for the
reductive iodination [16].
2. Experimental protocols
2.1. Materials and methods
All reagents were purchased from commercial suppliers and
were used without puriﬁcation. Melting points were deter-
mined in Buchi B-545 melting point apparatus and were uncor-
rected. 1H NMR and 13C NMR spectra were recorded on a
Bruker Advance and Varian-400 & 300 NMR MHz spectrom-
eters in DMSO-d6 & CDCl3 solution using TMS as an internal
reference and 13C NMR spectra were recorded on 100 &
75 MHz. Mass spectra were recorded on GC–MS. Carbon,
hydrogen, and nitrogen were analysed on Elementor instru-
ment. All these compounds were puriﬁed by ﬂash column
chromatography using 230–400 mesh silica gel.
2.2. Typical procedure for the synthesis of symmetrical dibenzyl
ether (2a–2n)
To an ice-cold mixture of 4-bromo benzaldehyde 1a (0.18 g,
1 mmol) in CH3CN (2 mL) was added anhydrous indium(III)
chloride (22 mg, 0.1 mmol). Triethylsilane (0.30 mL, 2 mmol)
was slowly added to the mixture at the same temperature
and allowed to stir at room temperature for 30 min. The reac-
tion was monitored by GC. The reaction was quenched with
10% NaHCO3 solution (10 mL) on completion and the reac-
tion mass was diluted with DCM (50 mL). The organic layer
was separated, dried over anhydrous Na2SO4, evaporated
and the crude mass was puriﬁed by silica gel ﬂash column
chromatography (2% ethyl acetate in petroleum ether) to give
dibenzyl ether 3a.
2.2.1. Bis (4-bromobenzyl) ether (2a)
(142 mg, 80%): White solid; m.p. 53–55 C; 1H NMR
(400 MHz, CDCl3) d 7.46 (d, J = 8.4 Hz, 4H), 7.19 (d,
J = 8.4 Hz, 4H), 4.59 (s, 4H); 13C NMR (100 MHz, CDCl3)
d 139.8, 131.6, 128.6, 121.4, 64.4; GCMS: 356. Anal. Calcd.
for C14H12Br2O (356.05): C, 47.23; H, 3.40; found: C, 47.18;
H, 3.35%.
2.2.2. Bis (3-bromobenzyl) ether (2b)
Colourless liquid; 1H NMR (400 MHz, CDCl3) d 7.55 (s, 2H),
7.46 (d, J= 7.2 Hz, 2H), 7.31 (d, J = 7.2 Hz, 2H), 7.26 (d,
J= 7.2 Hz, 2H), 4.55 (s, 4H); 13C NMR (75 MHz, CDCl3) d
140.3, 130.8, 130.6, 130.0, 126.1, 122.5, 71.5; GCMS: 356.
Anal. Calcd. for C14H12Br2O (356.05): C, 47.23; H, 3.40;
found: C, 47.19; H, 3.36%.
2.2.3. Bis (2-bromobenzyl) ether (2c)
White solid; m.p. 125–126 C; 1H NMR (400 MHz, CDCl3) d
7.58–7.55 (m, 4H), 7.36–7.32 (m, 2H), 7.18–7.19 (m, 2H), 4.72(s, 4H); 13C NMR (100 MHz, CDCl3) d 137.4, 132.5, 129.1,
129.0, 127.4, 122.6, 72.0; GCMS: 356. Anal. Calcd. for C14H12-
Br2O (356.05): C, 47.23; H, 3.40; found: C, 47.20; H, 3.37%.
2.2.4. Bis (2-ﬂuorobenzyl) ether (2d)
Colourless liquid; 1H NMR (400 MHz, CDCl3) d 7.48–7.45
(m, 2H), 7.29–7.25 (m, 2H), 7.16–7.12 (m, 2H), 7.07–7.02 (m,
2H), 4.66 (s, 4H); 13C NMR (100 MHz, CDCl3) d 160.7,
130.0, 129.4, 125.1, 124.1, 115.2, 65.9; GCMS: 234. Anal.
Calcd. for C14H12F2O (234.24): C, 71.78; H, 5.16; found: C,
71.73; H, 5.14%.
2.2.5. Bis (2-chloro-4-ﬂuorobenzyl) ether (2e)
White solid; m.p. 88–90 C; 1H NMR (300 MHz, DMSO-d6) d
7.59–7.54 (m, 2H), 7.44–7.40 (m, 2H), 7.25–7.18 (m, 2H), 4.61
(s, 4H); 13C NMR (75 MHz, DMSO-d6) d 161.9, 133.5,
132.3, 131.6, 116.9, 114.7, 68.9; GCMS: 303. Anal. Calcd.
for C14H10Cl2F2O (303.13): C, 55.47; H, 3.33; found: C,
55.42; H, 3.29%.
2.2.6. Bis (2-Bromo-6-chlorobenzyl) ether (2f)
White solid; m.p. 135–136 C; 1H NMR (400 MHz, CDCl3) d
7.50 (d, J = 8.2 Hz, 2H), 7.36 (d, J= 8.2 Hz, 2H), 7.12–7.08
(m, 2H), 4.91 (s, 4H); 13C NMR (75 MHz, CDCl3) d 136.9,
134.4, 131.7, 130.1, 129.0, 127.2, 69.4; GCMS: 424. Anal.
Calcd. for C14H10Br2Cl2O (424.94): C, 39.57; H, 2.37; found:
C, 39.52; H, 2.33%.
2.2.7. Bis (2,6-dichlorobenzyl) ether (2g)
White solid; m.p. 125–128 C; 1H NMR (300 MHz, CDCl3) d
7.32–7.26 (m, 4H), 7.20–7.15 (m, 2H), 4.89 (s, 4H); 13C NMR
(75 MHz, CDCl3) d 137.1, 132.9, 129.9, 128.3, 66.9; GCMS:
336. Anal. Calcd. for C14H10Cl4O (336.04): C, 50.04; H,
3.00; found: C, 50.00; H, 2.95%.
2.2.8. Bis (5-bromo-2-methoxybenzyl) ether (2h)
White solid; m.p. 78–80 C; 1H NMR (400 MHz, CDCl3) d
7.49–7.44 (m, 4H), 6.98 (d, J= 8.7 Hz, 2H), 4.53 (s, 4H),
3.81 (s, 6H); 13C NMR (100 MHz, CDCl3) d 156.3, 131.5,
130.9, 129.3, 113.4, 112.2, 66.6, 56.2; GCMS: 416. Anal. Calcd.
for C16H16Br2O3 (416.10): C, 46.18; H, 3.88; found: C, 46.13;
H, 3.83%.
2.2.9. Bis (3-methoxybenzyl) ether (2i)
Colourless liquid; 1H NMR (400 MHz, CDCl3) d 7.30–7.26
(m, 2H), 6.99–6.95 (m, 4H), 6.89–6.86 (m, 2H), 4.57 (s, 4H),
3.82 (s, 6H); 13C NMR (100 MHz, CDCl3) d 159.8, 138.9,
129.8, 120.8, 114.0, 114.0, 55.3, 46.2; GCMS: 258. Anal. Calcd.
for C16H18O3 (258.31): C, 74.39; H, 7.02; found: C, 74.36; H,
6.99%.
2.2.10. Bis (2,3-dimethoxybenzyl) ether (2j)
Colourless liquid; 1H NMR (300 MHz, CDCl3) d 7.04–7.02
(m, 2H), 6.98–6.97 (m, 4H), 4.52 (s, 4H), 3.78 (s, 6H), 3.68
(s, 6H); 13C NMR (75 MHz, CDCl3) d 152.7, 146.9, 132.3,
124.3, 121.1, 112.8, 67.7, 60.7, 56.0; GCMS: 318. Anal. Calcd.
for C16H18O3 (318.36): C, 67.91; H, 6.97; found: C, 67.86; H,
6.93%.
332 J. Sembian Ruso et al.2.2.11. Dimethyl 4,4’-(oxydimethanediyl)dibenzoate (2k)
White solid; m.p. 100–102 C; 1H NMR (400 MHz, CDCl3) d
8.04–8.02 (d, J = 8.0 Hz, 4H), 7.44–7.42 (d, J= 8.0 Hz, 4H),
4.63 (s, 4H), 3.91 (s, 6H); 13C NMR (100 MHz, CDCl3) d
166.9, 143.1, 129.7, 129.5, 127.2, 71.8, 52.1; GCMS: 314. Anal.
Calcd. for C18H18O5 (314.33): C, 68.78; H, 5.77; found: C,
68.73; H, 5.74%.
2.2.12. 4,40-(Oxydimethanediyl)dibenzonitrile (2l)
White solid; m.p. 48–50 C; 1H NMR (400 MHz, CDCl3) d
7.66–7.64 (d, J= 8.4 Hz, 4H), 7.48–7.46 (d, J= 8.4 Hz,
4H), 4.64 (s, 4H); 13C NMR (100 MHz, CDCl3) d 143.1,
132.3, 127.7, 118.6, 111.6, 71.6; GCMS: 248. Anal. Calcd.
for C16H12 N2O (248.28): C, 77.40; H, 4.87; N, 11.28; found:
C, 77.35; H, 4.82; N, 11.23%.
2.2.13. Bis (3-nitrobenzyl) ether (2m)
White solid; m.p. 98–100 C; 1H NMR (400 MHz, CDCl3) d
8.23 (s, 2H), 8.16 (d, J= 8.4 Hz, 2H), 7.71 (d, J= 8.4 Hz,
2H), 7.55 (t, J= 8.4 Hz, 2H), 4.70 (s, 4H); 13C NMR
(100 MHz, CDCl3) d 148.4, 139.8, 133.4, 129.6, 122.9, 122.3,
71.4; GCMS: 288. Anal. Calcd. for C14H12N2O5 (288.26): C,
58.33; H, 4.20; N, 9.72; found: C, 58.28; H, 4.18; N, 9.67%.
2.2.14. Bis[(2E)-3-phenylprop-2-en-1-yl] ether (2n)
Pale yellow liquid; 1H NMR (400 MHz, CDCl3) d 7.39 (d,
J= 7.3, 4H), 7.38–7.32 (m, 4H), 7.30–7.25 (m, 2H), 6.62 (d,
J= 15.8, 2H), 6.32 (m, 2H), 4.37–4.35 (m, 4H); 13C NMR
(75 MHz, CDCl3) d 137.0, 129.6, 128.9, 128.4, 127.2, 126.3,
63.5; GCMS: 250. Anal. Calcd. for C16H18O3 (250.33): C,
86.36; H, 7.25; found: C, 86.32; H, 7.20%.
2.3. Typical procedure for the synthesis of unsymmetrical
dibenzyl ether (4a–4m)
To an ice-cold mixture of 3-bromo benzaldehyde 1a (0.18 g,
1 mmol) in CH3CN (2 mL) was added TES-benzyl alcohol
3a (0.27 g, 1.2 mmol) and anhydrous indium(III) chloride
(22 mg, 0.1 mmol). Triethylsilane (0.30 mL, 2 mmol) was
slowly added to the mixture at the same temperature and
allowed to stir at room temperature for 30 min. The reaction
was monitored by GC. The reaction was quenched with 10%
NaHCO3 solution (10 mL) on completion and the reaction
mass was diluted with DCM (50 mL). The organic layer was
separated, dried over anhydrous Na2SO4, evaporated and the
crude mass was puriﬁed by silica gel ﬂash column chromatog-
raphy (2% ethyl acetate in petroleum ether) to give dibenzyl
ether 4a (224 mg, 81%).
2.3.1. Benzyl 3-bromobenzyl ether (4a)
Colourless liquid; 1H NMR (300 MHz, CDCl3) d 7.5.2 (s, 1H),
7.50–7.32 (m, 5H), 7.26–7.21 (m, 3H), 4.59 (s, 2H), 4.54 (s,
2H); 13C NMR (75 MHz, CDCl3) d 140.6, 137.8, 130.7,
129.9, 128.6, 128.4, 128.2, 127.7, 126.1, 122.5, 72.3, 71.2;
GCMS: 277. Anal. Calcd. for C13H14BrO (277.16): C, 60.67;
H, 4.73; found: C, 60.62; H, 4.69%.
2.3.2. 4-[(Benzyloxy)methyl]benzonitrile (4b)
Colourless liquid; 1H NMR (400 MHz, DMSO-d6) d 7.82 (d,
J= 8.2 Hz, 2H), 7.55 (d, J= 8.2 Hz, 2H), 7.37 (d,J= 4.4 Hz, 4H), 7.31–7.30 (m, 1H), 4.62 (s, 2H), 4.56 (s,
2H); 13C NMR (75 MHz, DMSO-d6) d 144.8, 138.5, 132.7,
128.8, 128.3, 128.1, 128.0, 119.3, 110.5, 72.3, 70.9; GCMS:
233. Anal. Calcd. for C15H13NO (223.27): C, 80.69; H, 5.87;
N, 6.27; found: C, 80.64; H, 5.87; N, 6. 22%.
2.3.3. Methyl 4-[(benzyloxy)methyl]benzoate (4c)
Colourless liquid: 1H NMR (400 MHz, CDCl3) d 8.05 (d,
J= 8.2 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 7.39–7.31 (m,
4H), 7.31–7.27 (m, 1H). 4.62 (s, 2H), 4.60 (s, 2H), 3.93 (s,
3H); 13C NMR (75 MHz, CDCl3) d 166.9, 143.5, 137.8,
129.6, 129.3, 128.4, 127.7,127.2, 72.4, 71.3, 52.0; GCMS: 256.
Anal. Calcd. for C16H16O3 (256.30): C, 74.98; H, 6.29; found:
C, 74.93; H, 6.26%.
2.3.4. 4-[(Benzyloxy)methyl]benzoic acid (4d)
White solid; m.p. 78–82 C; 1H NMR (300 MHz, DMSO-d6) d
7.91 (d, J= 8.2 Hz, 2H), 7.46 (d, J= 8.2 Hz, 2H), 7.36–7.34
(m, 4H), 7.30–7.25 (m, 1H). 4.59 (s, 2H), 4.54 (s, 2H); 13C
NMR (75 MHz, DMSO-d6): d 167.6, 144.0, 138.6, 130.2,
129.8, 128.7, 128.0, 127.9, 127.6, 72.1, 71.3; GCMC: 242. Anal.




Colourless liquid; 1H NMR (300 MHz, CDCl3) d 7.54 (s, 1H),
7.43 (d, J= 7.7 Hz, 1H), 7.32–7.25 (m, 2H), 7.22 (d,
J= 7.7 Hz, 1H), 6.96–6.94 (m, 2H), 6.88–6.84 (m, 1H), 4.73
(s, 2H), 4.54 (s, 2H), 3.83 (s, 3H); 13C NMR (75 MHz, CDCl3)
d 159.7, 140.5, 139.4, 130.6, 130.5, 129.9, 129.4, 126.1, 122.5,
120.0, 113.3, 113.0, 72.1, 71.1, 55.1; GCMS: 307. Anal. Calcd.
for C15H15BrO2 (307.18): C, 58.65; H, 4.92; found: C, 58.60; H,
4.90%.
2.3.6. Methyl 2-{[(2-bromobenzyl)oxy]methyl}benzoate (4f)
Colourless liquid; 1H NMR (300 MHz, CDCl3) d 7.96 (d,
J= 7.8 Hz, 1H), 7.71 (d, J= 7.8 Hz, 1H), 7.58–7.53 (m,
2H), 7.44–7.41 (m, 1H), 7.38–7.35 (m, 2H), 7.25–7.20 (m,
1H), 4.98 (s, 2H), 4.62 (s, 2H), 3.90 (s, 3H); 13C NMR
(75 MHz, CDCl3) d 167.4, 140.6, 132.2, 130.5, 130.4, 129.8,
128.1, 127.5, 127.0, 126.8, 125.9, 125.2, 122.4, 71.9, 70.4,
51.9; GCMS: 335. Anal. Calcd. for C16H15BrO3 (335.19): C,
57.33; H, 4.51; found: C, 57.28; H, 4.46%.
2.3.7. 2-Bromobenzyl 4-(propan-2-yl)benzyl ether (4g)
Colourless liquid; 1H NMR (300 MHz, CDCl3) d 7.56–7.54
(m, 2H), 7.36–7.30 (m, 3H), 7.24 (d, J= 8.0 Hz, 2H), 7.18–
7.13 (m, 1H), 4.64 (s, 2H), 4.62 (s, 2H), 2.95–2.88 (sep, 1H),
1.28–1.25 (d, 6H); 13C NMR (75 MHz, CDCl3) d
148.4, 137.7, 135.3, 132.4, 129.0, 128.7, 128.1, 127.2, 126.3,
122.6, 72.6, 71.4, 33.8, 23.9; GCMS: 319. Anal. Calcd. for
C17H19BrO (319.24): C, 63.96; H, 6.00; found: C, 63.91; H,
5.95%.
2.3.8. 2-Bromo-6-chlorobenzyl 4-(propan-2-yl)benzyl ether
(4h)
White solid; m.p. 65–68 C; 1H NMR (300 MHz, CDCl3) d
7.52–7.49 (d, J= 8.0 Hz, 1H), 7.37–7.34 (m, 3H), 7.23–7.21







Scheme 1 Reductive etheriﬁcation of p-bromo benzaldehyde.
Table 1 Optimization of reductive etheriﬁcation with various
acids.a
Entry Acids Solvents Time (h) Yieldb (%)
1 TfOH CH3CN 12 20
2 p-TfOH CH3CN 12 12
3 BF3.OEt2 CH3CN 12 35
4 AgOTf CH3CN 12 Traces
5 Zn(OTf) CH3CN 12 Traces
6 Cu(OTf) CH3CN 12 60
7 TiCl4 CH3CN 12 10
8 SnCl2 CH3CN 12 15
9 InBr3 CH3CN 12 85
10 InCl3 CH3CN 12 80
a Reaction was performed using p-bromo benzaldehyde (1 mmol)
in CH3CN (5 mL), 2 eq. of triethylsilane and 10 mol% of acid.
b Isolated yield.
Table 2 Synthesis of symmetrical dibenzyl ethers through








Entry R Time (min) Yield (2a–2m)b (%)
1 4-Bromo 30 2a (80)
2 2-Bromo 30 2b (85)
3 3-Bromo 30 2c (82)
5 2-Fluoro 30 2d (79)
6 2-Chloro-4-ﬂuoro 30 2e (78)
7 2-Bromo-6-chloro 40 2f (87)
8 2,6-Dichloro 40 2g (79)
9 2-OMe-5-bromo 60 2h (81)
10 3-OMe 60 2i (81)
11 2,3-Dimethoxy 38 2j (84)
12 Methyl-4-carboxylate 30 2k (77)
13 4-Cyano 30 2l (73)
14 3-Nitro 45 2m (72)
15 Cinnamaldehyde 45 2n (72)
a Reaction was performed using arylaldehyde (1 mmol) in
CH3CN (5 mL), 2 eq. of triethylsilane and 10 mol% of acid.
b Isolated yield.
Synthesis of symmetrical and unsymmetrical dibenzyl ethers 3332.95–2.88 (sep, 1H), 1.27–1.22 (d, 6H); 13C NMR (75 MHz,
CDCl3) d 148.4, 136.6, 135.3, 131.6, 130.2, 128.0, 126.9,
126.3, 72.8, 69.3, 33.8, 23.9; GCMS: 353. Anal. Calcd. for C17-




Colourless liquid; 1H NMR (300 MHz, DMSO-d6) d 7.93 (d,
J= 8.1 Hz, 2H), 7.46 (d, J= 8.1 Hz, 2H), 7.24 (q,
J= 8.2 Hz, 4H), 4.58 (s, 2H), 4.50 (s, 2H), 3.83 (s, 3H),
2.88–2.83 (sep, 1H), 1.17 (d, J= 6.9 Hz, 6H); 13C NMR
(75 MHz, DMSO-d6) d 166.5, 148.2, 144.6, 135.9, 129.6,
129.1, 128.2, 127.7, 126.6, 72.1, 71.1, 52.5, 33.6, 24.3; GCMS:
298. Anal. Calcd. for C19H22O3 (298.38): C, 76.48; H, 7.43;
found: C, 76.43; H, 7.38%.
2.3.10. 3-({[4-(Propan-2-yl)benzyl]oxy}methyl)benzoic acid
(4j)
White solid; m.p. 80–85 C; 1H NMR (300 MHz, CDCl3) d
8.13 (d, J= 8.2 Hz, 2H), 7.50 (d, J= 8.2 Hz, 2H), 7.35 (d,
J= 8.5 Hz, 2H), 7.25 (d, J= 8.5 Hz, 2H), 4.65 (s, 2H), 4.59
(s, 2H), 2.88–2.83 (sep, 1H), 1.28–1.26 (d, 6H); 13C NMR
(75 MHz, CDCl3) d 171.8, 148.5, 144.7, 135.1, 130.3, 128.4,
127.9, 127.3, 126.5, 72.4, 71.2, 33.8, 23.9, 23.6; GCMS: 284.
Anal. Calcd. for C18H20O3 (284.35): C, 76.03; H, 7.09; found:
C, 75.98; H, 7.04%.
2.3.11. 2-Ethylbenzyl 4-(propan-2-yl)benzyl ether (4k)
Colourless liquid; 1H NMR (400 MHz, CDCl3) d 7.42–7.41
(m, 2H), 7.35–7.33 (m, 2H), 7.29–7.20 (m, 4H), 4.63 (m, 2H),
4.57 (m, 2H), 2.76–2.70 (m, 3H), 1.29–1.23 (m, 9H); 13C
NMR (75 MHz, CDCl3) d 148.2, 142.7, 135.5, 129.0, 128.3,
127.9, 127.1, 126.9, 126.3, 125.6, 72.1, 70.2, 33.8, 24.9, 23.9,
15.1; GCMS: 268. Anal. Calcd. for C19H24O (268.39): C,
85.03; H, 9.01; found: C, 84.98; H, 8.96%.
2.3.12. 1-(Propan-2-yl)-4-({[4-(prop-2-en-1-
yloxy)benzyl]oxy}methyl)benzene(4l)
Pale yellow liquid; 1H NMR (300 MHz, DMSO-d6) d 7.22–
7.06 (m, 6H), 6.90 (d, J= 8.7 Hz, 2H), 6.06–5.95 (m, 1H),
5.41–5.33 (m, 1H), 5.25–5.20 (m, 1H), 4.55–4.50 (m, 2H),
4.42–4.41 (m, 4H), 2.87–2.85 (sep, 1H), 1.28–1.25 (d,
6H); 13C NMR (75 MHz, DMSO-d6) d 158.0, 148.0,
136.3, 134.3, 130.9, 129.5, 128.2, 126.6, 117.6, 115.0,
114.8, 71.4, 68.5, 33.6, 24.5; GCMS: 296. Anal. Calcd.




Yellow liquid; 1H NMR (400 MHz, CDCl3) d 7.41 (d,
J= 7.4 Hz, 2H), 7.35–7.29 (m, 3H), 7.27–7.20 (m, 4H),
6.68–6.60 (m, 1H), 6.32–6.31 (m, 1H), 4.56 (s, 2H), 4.24–
4.20 (m, 2H), 2.94–2.89 (sep, 1H), 1.28–1.25 (d, 6H); 13C
NMR (75 MHz, CDCl3) d 148.3, 136.7, 135.5, 132.5,
129.7, 128.4, 127.9, 127.6, 127.2, 126.4, 126.2, 125.9,
72.0, 70.6, 33.7, 23.9; GCMS: 266. Anal. Calcd. for
C19H22O (266.38): C, 85.67; H, 8.32; found: C, 85.62; H,
8.27%.3. Results and discussion
At the outset, we focused our attention on the synthesis of
symmetrical dibenzyl ether (Scheme 1). To check the feasibil-
ity, model substrate 1a was subjected to reductive etheriﬁca-
tion conditions as shown in Table 1. In our hands, the
Brønsted acid conditions gave the dibenzyl ether 2a in poor






































Scheme 2 Proposed mechanism for the formation of symmetrical ether 2 and unsymmetrical ether.












Entry R1 R2 Time (min) Yield (4a–4m)b (%)
1 3-Bromo H (3a) 30 4a (81)
2 4-Cyano H 30 4b (78)
3 Methyl-4-carboxylate H 30 4c (83)
4 4-Carboxy H 60 4d (79)
5 3-Methoxy 2-Bromo (3b) 60 4e (90)
6 Methyl-2-carboxylate 2-Bromo 60 4f (81)
7 4-Isopropyl 2-Bromo 40 4g (82)
8 2-Bromo,6-chloro 4-Isopropyl 40 4h (83)
9 Methyl-4-carboxylate 4-Isopropyl (3c) 40 4i (85)
10 4-carboxy 4-Isopropyl 40 4j (76)
11 2-Ethyl 4-Isopropyl 40 4k (81)
12 4-Allyloxy 4-Isopropyl 40 4l (82)
13 Cinnamaldehyde 4-Isopropyl 40 4m (78)
a Reaction was performed using arylaldehyde (1 mmol) and TES-benzylalcohol (1.2 mmol) in CH3CN (5 mL), 2 eq. of triethylsilane and
10 mol% of acid.
b Isolated yield.
334 J. Sembian Ruso et al.To optimize the yield, we performed the reaction in the
presence of various Lewis acids as shown in Table 1. Among
the Lewis acids screened, Cu(OTf)2 and InBr3 gave moderate
to good yield. InCl3 is found to be the best Lewis acid condi-
tion to afford the symmetrical benzyl ether 2a in excellent yield
(80%).
Having established the suitable condition, aryl aldehydes
bearing halo substituents were subjected to the optimized con-
dition to furnish the symmetrical benzyl ethers 2b–2g. Aryl
aldehydes bearing electron donating group furnished the sym-
metrical benzyl ethers 2h–2j and those with electron withdraw-
ing group also led to the desired products 2k–2m in good yield.
Cinnamaldehyde underwent smooth reductive etheriﬁcation to
afford 2n (Table 2).
Having studied the preparation of symmetrical dibenzyl
ethers, we turned attention towards the synthesis of unsym-metrical dibenzyl ethers by employing reductive etheriﬁcation.
To execute the task, it was planned to utilize TES-protected
benzyl alcohols 3a–3c as depicted in Table 3[9]. Under the
optimized condition, m-bromo benzaldehyde 1a with 3a
(R2 = H) delivered the unsymmetrical dibenzyl ether 4a exclu-
sively. Besides, halo, cyano, ester, acid and methoxy substi-
tuted aryl aldehydes with 3a and 3b smoothly led to
products in good yield. Similarly, unsymmetrical benzyl ethers
4h–4k were obtained in good yields when TES-protected 4-iso-
propylbenzyl alcohol 3c was used. Moreover, allyl substituted
and unsaturated aldehydes with 3c gave the corresponding
unsymmetrical benzyl ethers 4l–4m (Table 3).
A possible mechanism has been shown for this reductive
etheriﬁcation as described in Scheme 2. At ﬁrst, aryl aldehyde
1 was reduced with Et3SiH by the assistance of InCl3 to form
TES-protected alcohol B (mass was conﬁrmed by GCMS). The
Synthesis of symmetrical and unsymmetrical dibenzyl ethers 335in situ generated B reacts with A to form an intermediate C
which on reduction gave symmetrical ether 2. Similarly, the
externally added TES-alcohol 3 on reaction with A generated
another intermediate D which is analogous to C. On reduction,
D led to unsymmetrical ether 4. The mechanism corroborates
the exclusive formation of 4 during the reductive etheriﬁcation.4. Conclusions
In conclusion, aryl aldehydes were conveniently transformed
to symmetrical dibenzyl ethers by employing reductive etheri-
ﬁcation. Catalytic amount of InCl3 was found to be more efﬁ-
cient to achieve the task. Additionally, unsymmetrical dibenzyl
ethers were obtained when TES-protected benzyl alcohol was
used along with aryl aldehyde. This one-pot protocol is per-
formed at ambient temperature along with short reaction time.
Besides, it exhibits broad functional group tolerance.Acknowledgements
Dr. H. M. Shinde and Dr. N. Likhite are acknowledged for the
helpful discussion during the preparation of this manuscript.
Appendix A. Supplementary data
Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jscs.2014.
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